Abstract -It is questionable if early selection for resistance to ; in F 3:6, 196 treatments (64 A, 64 B, 64 C and 4 T); in F 3:7, 81 treatments (26 A, 26 B, 26 C and 3 T)
INTRODUCTION
There are several factors that contribute to yield reduction of common bean (Phaseolus vulgaris L.), among which are the occurrence of virus, bacteria, fungi and certain types of pests (Miklas et al. 2006 , Singh and Schwartz 2010 , Carvalho et al. 2013 , Pereira et al. 2013a ). It should be noted that the main biotic stress which affects grain yield of common bean in Brazil is the occurrence of diseases caused by fungi. Among them, anthracnose, which is caused by Colletotrichum lindemuthianum, stands out. It is found in many regions of Brazil and in all crop seasons (Gonçalves-Vidigal et al. 2012) .
Colletotrichum lindemuthianum resistance is widely studied all over the world. "Since the first anthracnose resistance gene was described early in the twentieth century, twenty resistance genes (named as Co-) that give resistance to specific anthracnose isolates or races pathogenic in common bean have been described" (Ferreira et al. 2014) . All of these genes are independent, and in 19 of them, the resistance is conferred by the dominant allele and only in 1, it is conferred by the recessive allele.
In common bean genetic breeding, different traits are involved, among which are grain yield, plant architecture, grain type, and resistance to pathogens (Pereira et al. 2013b ). Some of these traits have low heritability (h²), such as grain yield (Bernardo 2010) . In this case, selection is only effective after some generations of endogamy, and evaluation by means of well-conducted experiments. However, early selection in F 2 or F 3 generations should be efficient when other traits are considered, such as resistance to anthracnose, which normally shows high heritability, especially when selection is carried out in a greenhouse.
There are some reports in the literature regarding the effect of early selection for a high heritability trait in selection for grain yield in advanced generations (Santos et al. 2001, Padi and Ehlers 2008) . However, no report was found regarding the effect of early selection with a view toward pathogen resistance in common bean.
In light of the above, the aim of this study was to evaluate the effect of selection in F 2 or in F 2 and F 3 generations for resistance to Colletotrichum in genetic variability for grain yield, and the success obtained through selection in more advanced generations.
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MATERIAL AND METHODS
The experiments were carried out in an experimental area of the Universidade Federal de Lavras (lat 21º 14' S, long 40º 17' W, alt 918m asl -UFLA), Lavras, MG, Brazil.
The segregating population was obtained from the cross between the lines CI-107 and BRSMG-Madrepérola. CI-107 line belongs to the UFLA breeding program, it has good grain yield, and is a carioca type bean (beige with brown stripes), with good appearance and quick cooking. The main disadvantage is its susceptibility to various races of C. lindemuthianum (Silva et al. 2011) . BRSMG Madrepérola cultivar presented good grain yield, it is a carioca type bean, and it is light colored and presents late darkening. In addition, it is resistant to anthracnose races 55, 65, 73, 81, 89, 95 and 453 (Carneiro et al. 2012 ).
The crosses were carried out in a greenhouse in the first semester of 2010. F 2 population seeds were divided into two samples, A and B. No selection was carried out in sample A. However, in sample B, selection was carried out in greenhouse for resistance to anthracnose (Figure 1 ).
Inoculation was carried out in greenhouse using the isolate LV-180 of race 65. The inoculation methodology was similar to that adopted by Silva et al. (2011) . Seeds were sown in 128-cell trays with substrate. After germinating, seedlings were inoculated after complete expansion of the primary leaves, spraying both surfaces of the leaves and the stem using the "De Vilbiss" sprayer, activated by a compressor over the entire seedling up to the point of runoff. After inoculation, trays were incubated in a humidity chamber for 48 hours with a temperature of approximately 21 ºC, and 12-hour photoperiod.
After that, the trays were transferred to a greenhouse, where they remained until symptoms evaluation, according to the modified scoring scale of Schoonhoven and PastorCorrales (1987) , which was carried out at seven days after inoculation. Then, resistant individuals were transplanted in the field. F 3 (resistant) generation seeds were obtained at harvest.
Seeds of the population derived from resistant plants of the previous step were once more divided into two samples: the first, sample B, whose evaluation of resistance to C. lindemuthianum occurred only in F 2 , and the second, sample C, whose selection for resistance to anthracnose was once more carried out in F 3 generation, in a similar way to that described above.
In February 2011, samples A and B were sown in bulk. As for sample C, which underwent selection in F 3 generation after having been inoculated in a greenhouse, its resistant plants were transplanted in the field. Plants from each population were collected individually, giving rise to the progenies of F 3:4 generation.
In July 2011, all F 3:4 progenies were sown in the field for seed multiplication, and F 3:5 progenies ( Figure 1 ) were obtained. These progenies obtained from each population (96 progenies from the A and B samples, and 95 progenies from the C sample), and the parents, were evaluated using a 17x17 triple lattice design, with plots of two two-meter rows, spaced 0.6 m. This experiment was sown in November 2011. Data regarding grain yield were collected.
For composing F 3:6 generation, the 64 progenies with the greatest grain yield were selected from each one of the samples. These progenies were evaluated in February 2012. A 14x14 triple lattice design was used, composed of 192 progenies and four controls (the parents, BRSMG Majestoso and BRSMG Talismã), with plots identical to those of F 3:5 generation. In this generation, data regarding anthracnose severity and grain yield were collected. In the case of pathogen occurrence, a diagrammatic scale was used, in which score 5 was attributed to absence of symptoms, and score 1 was attributed to the plant nearly totally overtaken by the disease.
After analyses of the data from F 3:6 generation, 26 progenies with the greatest grain yield were selected from each one of the samples, giving rise to F 3:7 generation. In this experiment, a 9x9 triple lattice design was used, composed of 78 progenies and three controls (the parents and another cultivar), with plots equal to those of the other generations. This experiment was sown in July 2012. All the other procedures were similar to those of the previous evaluations. Data were subjected to analysis of variance (ANOVA) in each generation, and subsequently joint analysis was carried out. Means of anthracnose severity score obtained in samples A, B and C were submitted to Scott and Knott (1974) test. These analyses were carried out using the R software (R Development Core Team 2014). Based on the mathematical expectations of the mean squares of the analyses of variance, estimates of the genetic and phenotypic parameters were obtained, using a procedure similar to that presented by Ramalho et al. (2012) and Bernardo (2010) . The confidence interval of heritability (h 2 ) was also obtained, estimated by the expressions of Knapp et al. (1985) . The estimates were obtained per generation (data not presented) and in each the joint analysis.
Gain expected from selection in each group of progenies (selected in F 2 , F 2 and F 3 , and non-selected) was estimated by the expression:
, with selection intensity of (i) = 20% , in which Cov gg' is the covariance on a progeny mean basis in the g th and g' th generation, while σ 2 F is the phenotypic variance on a progeny mean basis in the generations g th . The error associated with gain from selection (GS) was also estimated, using the expression presented by Bridges et al. (1991) .
RESULTS AND DISCUSSION
Colletotrichum lindemuthianum, the agent which causes anthracnose in common bean, is a pathogen of innumerable races (Miklas et al. 2006, Singh and Schwartz 2010) . Some of them are found in the southern region of the state of Minas Gerais, predominantly race 65 (Davide et al. 2009 , Ishikawa et al. 2011 . For this reason, this race was chosen for F 2 generation inoculation. Available information indicates that the CI107 parent is susceptible to most of the races of this pathogen (Silva et al. 2011) , whereas BRSMG Madrepérola is resistant to some races, among them, race 65 (Carneiro et al. 2012 ).
In the result of joint analysis of variance for the anthracnose severity score, a significant difference was detected among treatments (P≤0.01) ( Table 1) . Sources of variation among controls, among origins and among progenies in each origin were also significant (P≤0.05). Interactions involving treatments x generations were significant in all cases, except for the contrast between controls x generations, and between origin x generations. Progenies derived from selection carried out in F 2 generation were those that on average showed the least symptoms (greatest mean value) ( Table 2 ). It may be observed that the mean value of progenies was less than that of controls in F 3:6 generation.
The existence of variation for the disease severity score trait among progenies may also be confirmed by means of heritability estimates. Comparing the heritability estimates for selection among progenies, according to origin in joint analysis, it is observed that they were similar (Table 3) . F 3:6 generation highlights what has already been mentioned: there is wide variation among progenies, regardless of origin. This result, in principle, shows that even though selection had been made for resistance to anthracnose in F 2 or F 2 and F 3 generations, heritability estimates were similar to that obtained in the progenies derived from the population without selection for anthracnose. Although early selection is efficient in F 2 or in F 2 and F 3 for the pathogen, this selection did not completely eliminate the individuals that have the recessive allele. It should also be carried out in In joint analysis of variance for grain yield, a significant difference (P≤0.01) was detected among treatments ( Table  1) . In decomposition of the treatment source of variation, there were significant differences (P≤0.01) among origins, among progenies selected in generation F 2 and F 3, and in the control vs. progeny contrast. Progeny x generation interaction was significant (P≤0.01). Interactions involving controls vs. progenies x generations, and between progenies selected in F 2 x generations were also significant. The greatest mean yields were obtained from progenies selected at an early stage for resistance to C. lindemuthianum (Table 4 ). The result of the 25 progenies common to the three generations showed that the mean value of the progenies whose plants were selected in F 2 was 17% greater than the mean value of the progenies which were not selected for resistance to anthracnose.
In this study, what is really of interest is verifying if early selection for resistance to anthracnose may affect future success in selection for grain yield. The response to this question may be given considering some different perspectives. The first of them would be the heritability estimates for grain yield for selection among progenies. Heritability estimates for grain yield also show the existence of variation among progenies for all the origins. In principle, for grain yield, heritability estimates may be considered as similar for the different origins since there was overlapping in the confidence interval (Table 3) . Considering all progenies, heritability estimate was of great magnitude. This value is comparable to most of heritability estimates for grain yield with a view toward selection on a progeny mean basis available in the literature . In principle, this result indicates that environmental variation in relation to genetic variation among progenies was small and that there is expressive genetic variation among progenies. This condition is fundamental for what is intended from this study. When the heritability estimates are compared according to the origin of progenies, they are similar; in other words, there is overlapping in the confidence intervals. It may thus be concluded that early selection for resistance to anthracnose did not affect the variability for grain yield in later generations.
Another perspective for evaluating the effect of early selection is by means of the proportion of progenies that would be selected according to their origin (Table 4) . Among the 20% of progenies with the greatest grain yield, 68.75% came from early selection. It may be concluded that selection for grain yield was not affected by the early selection made in F 2 generation for resistance to anthracnose. On the contrary, it was even beneficial. That occurs since the occurrence of anthracnose negatively affects grain yield; in this study the variation in disease severity explained more than 60% of the variation in grain yield, considering all progenies (data not shown). Therefore, the most susceptible plants are the least productive ones (Abreu et al. 2003) .
A final perspective for evaluating the effect of early selection carried out in F 2 or in F 2 and F 3 on grain yield in advanced generations is the estimate of progress expected from selection for the first trait. The estimate of gain from selection (GS) considering the 20% of the highest yielding progenies, regardless of the origin of progenies, was 18.6% in the overall mean value, which is high. This value is comparable to the estimates reported in the literature , highlighting the existence of great genetic variability among progenies, and the good experimental precision in evaluation. The estimate of gain from selection according to origin was different. Gain from selection was greater for progenies selected at an early stage in F 2 and in F 2 and F 3 (Table 4 ). It may be concluded that early selection does not affect variability for grain yield, and it ) of common bean,obtained in evaluation of F 3:5 , F 3:6 and F 3:7 progenies, and percentage of progenies in the joint analyses among the 20% best progenies for grain yield (g plot -1
) of common bean derived from non-selected progenies (A), progenies selected in F 2 (B) and progenies selected in F 2 and F 3 (C) contributed to expand the success expected from selection for grain yield in more advanced generations. Moreover, it avoids the loss of time dedicated to progenies susceptible to the pathogen, which would probably be those of lower grain yield.
Similar results of early selection on traits of greater heritability and their effect on selection for grain yield in more advanced generations are found in the literature, such as in common bean (Santos et al. 2001 ) and in cowpea (Padi and Ehlers 2008) . In the case of the study of Santos et al. (2001) , early selection was carried out for grain type, a trait which, at least in principle, does not undergo the action of natural selection, and is not correlated with grain yield, in contrast to resistance to anthracnose reported in this study. Thus, it was evident that when the trait of greater heritability positively affects grain yield, early selection for this trait is even more advantageous.
CONCLUSIONS
Early selection carried out in F 2 and F 3 for resistance to anthracnose in common bean does not reduce the variability for grain yield in more advanced generations.
A large part of the variation in grain yield is due to the variation in the anthracnose severity score. Thus, the selection of plants resistant to anthracnose in F 2 or in F 2 and F 3 increases success in selection for grain yield in more advanced generations.
